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sequencing	 the	genomic	 regions	of	 this	and	other	closely	 related	species.	For	 this	
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ily	 of	 parasites	 with	 a	 phylogeny	 which	 could	 benefit	 from	 more	
attention	 despite	 recent	 advances	 made	 by	 Balvín	 (2015),	 Balvín,	









&	 Morand,	 2000)	 (Chiroptera).	 Bats	 are	 considered	 the	 ancestral	
hosts	 of	 cimicids,	 although	humans	 and	other	 vertebrates	may	be	
used	as	secondary	hosts	(Hornok	et	al.,	2017;	Usinger,	1966).
Bats,	 the	 second	 largest	 mammalian	 order,	 are	 highly	 social	
animals	 (Kerth,	 2008).	 During	 pregnancy	 and	 lactation,	 many	 bat	
species	establish	maternity	colonies	in	roosts	with	relatively	stable	
climatic	conditions	 to	give	birth	 to	 their	young.	Both	 the	bats	and	
their	roosts	provide	a	suitable	environment	for	arthropod	ectopara-
sites	(Lucan,	2006),	but	the	social	behaviors	of	bats	also	represents	
risks	 to	 these	 parasites.	 Social	 grooming	 has	 been	 observed	 in	 a	
number	of	bat	species,	which	exposes	these	parasites	to	other	mem-
bers	of	the	social	group	of	hosts	(Kerth,	Almasi,	Ribi,	Thiel,	&	Lüpold,	











important	 adaptive	 trait	 in	Cimicidae,	which	appear	 to	have	a	 low	
inherent	capacity	for	dispersal	over	long	distances,	and	even	short	
distance	movements	 seem	 to	 be	 limited	 (Talbot,	 Vonhof,	 Broders,	
Fenton,	 &	 Keyghobadi,	 2016;	 Usinger,	 1966).	 In	 fact,	 without	 the	
ability	 to	 fly,	 it	 is	 unlikely	 that	 adult	 cimicids	 are	 able	 to	 disperse	
without	the	host	(Balvín,	Sevcik,	et	al.,	2012;	Brown	&	Bomberger-







of	 bats	 outside	 roosts	more	often	 than	males	 or	 non-inseminated	
females,	 suggesting	 cimicids	 primarily	 travel	 on	 bats	 to	 disperse	
(Balvín,	Sevcik,	et	al.,	2012;	Heise,	1988).	However,	transmission	ap-
pears	 to	be	uncommon	 (Talbot	et	 al.,	 2016),	 possibly	because	 this	
mode	of	dispersal	poses	 inherent	risks	to	cimicids,	as	cimicids	 lack	
morphological	 adaptations	 to	properly	 attach	 to	 the	host	 for	 pro-




















(Li,	 Tian,	 Zhao,	 &	 Bu,	 2012;	 Schuh,	Weirauch,	 &	Wheeler,	 2009).	
This	was	rectified	by	Balvín	et	al.	 (2015),	but	even	they	did	not	in-
clude	some	of	the	sister	groups	outside	the	four	common	Cimicidae	
species	groups	within	 the	genus	Cimex	 (Cimex lectularius	L., Cimex 














     |  3OSSA et Al.
2  | MATERIAL AND METHODS
2.1 | Bat capture methods and location
We	 captured	 two	 adult	 female	 Myotis chiloensis	 (Waterhouse,	
1840,	 Capture	 permit	 #1253-2016	 by	 the	 Servicio	 Agrícola	 y	
Ganadero,	Chile	 [SAG])	 at	Karukinka	Reserve	 in	 southern	Tierra	




1,300	km	 south	 of	 the	 previously	 described	 southernmost	 dis-
tribution	 of	B. chilensis (Usinger,	 1966,	 Figure	 2).	 The	Karukinka	
reserve	 is	 situated	 in	 the	 sub-antarctic	 phytogeographic	 prov-
ince,	with	precipitation	between	450	and	1,100	mm/year,	 and	a	
mean	annual	temperature	of	7°C	(Arroyo	et	al.,	1995).	The	habitat	
surrounding	the	capture	site	 is	dominated	by	Nothofagus pumilio 
(Poepp.	 &	 Endl.)	 Krasser,	 a	 deciduous	 tree	 species,	 mixed	 with	
Nothofagus betuloides (Mirb.)	 Oerst.,	 an	 evergreen	 tree	 species	
(Arroyo	 et	 al.,	 1995)	 and	 a	 high	 diversity	 of	mosses	 and	 lichens	
(Armestó,	 Villagrán,	 &	 Kalin	 Arroyo,	 1996).	 In	 addition	 to	 the	




USA.	We	 collected	 samples	 from	Cimex pilosellus and C. adjunc‐
tus	from	Manitoba,	Canada.	Additionally,	we	received	samples	for	






trolled	 by	 Deep	 Focus	 module	 for	 QuickPHOTO	 3.1	 (Promicra).	










ard	 protocol	 (User	 manual,	 version	 June	 2014/Rev.	 14)	 provided	
with	the	kit.	The	P. cavernis museum	samples	were	cleaned	before	
the	extraction	to	remove	all	the	non-target	material	from	the	sam-








drial,	 using	primers	 and	protocols	 after	Balvin	et	 al.	 (2015).	 Shortly,	
the	cytochrome	oxidase	subunit	I	(COI)	was	amplified	using	Lep1Fdeg/
Lep3R	 (Hajibabaei,	 Janzen,	 Burns,	 Hallwachs,	 &	 Hebert,	 2006),	




















F I G U R E  1   Bucimex chilensis	(white	arrow)	at	the	base	of	the	tail,	
on	the	dorsal	surface	of	Myotis chiloensis














pipistrelle Jenyns,	 1839,	 C. adjunctus Barber,	 1939,	 C. japonicus 
Usinger,	1966,	C. hemipterus Fabricius,	1803,	C. lectularius L.,	Cimex	
sp.,	C. latipennis Usinger	&	Ueshima,	1965,	C. pilosellus,	C.	cf.	anten‐
natus,	Cacodmus vicinus Horvath,	1934,	Cacodminae sp.,	Oeciacus 
vicarius Horvath,	 1912,	 O. hirundinis (Lamarck,	 1816),	 Paracimex 
setosus Ferris	 &	 Usinger,	 1957,	 Aphrania elongata Usinger,	 1966.	
Additionally,	we	downloaded	sequences	of	Leptocimex inordinatus 




(2015).	 The	 accession	 codes	 are	 listed	 in	Table	1.	Unfortunately,	
despite	 rather	 comprehensive	 data	 set,	 we	 could	 not	 retrieve	
fresh	samples	or	sequences	for	all	the	Cimicidae	species	found	in	
South	 America,	 for	 example	 those	 collected	 from	 Argentina	 (Di	
Benedetto,	 Autino,	 González,	 &	 Argoitia,	 2017).	 All	 the	 samples	
with	accession	codes	and	other	metadata	are	collected	in	Table	1.
F I G U R E  2  Map	of	austral	South	America.	Previous	collection	sites	of	Bucimex chilensis	are	indicated	with	red	dots.	The	present	sample	
collection site is indicated with a red triangle






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































     |  7OSSA et Al.
For	the	sequences	produced	in	this	study,	the	primers	and	low	
quality	 regions	 were	 trimmed	 of	 the	 sequences,	 and	 all	 the	 se-
quences	 including	 references	 from	 GenBank	 were	 aligned	 with	










servers	 (www.csc.fi).	 The	 GTR+G	 (with	 four	 rate	 categories	 for	
Gamma)	model	of	substitution	was	fitted	to	each	data	set.	The	data	









3.1 | Morphological characters in the Primicinae
The	 Primicimicinae	 individuals	 obtained	 were	 morphologically	
identified	 as	 B. chilensis,	 P. cavernis	 (Figure	 3).	 The	 subfamily	






may	be	separated	by	 the	 relative	 length	of	 femora	and	 the	 length	
of	 first	antennal	segment,	which	 is	as	 long	as	 the	second	segment	








were	morphologically	 identified	 to	C. lectularius (Finnish	specimen)	
or Cimex	sp.	(Canadian	specimen).
3.2 | Molecular identification of the specimens
In	 the	 BLAST	 analysis,	 the	 closest	 match	 for	 B. chilensis	 COI	 se-
quence	in	GenBank	was	a	record	of	Orius minutus	(Linnaeus,	1758)	
(Hemiptera,	 Cimicoidae,	 Anthocoridae)	 with	 very	 low	 similarity	
(82%,	 E-value	 7e-151;	 BLAST	 was	 performed	 online	 22nd	 March	
2017).	For	P. cavernis,	we	were	only	able	to	retrieve	309	bp	sequence	
of	COI	from	the	type	specimens	in	this	analysis.	For	this	sequence,	
the	 closest	match	 (83%,	 E-value	 1e-68)	was	 to	 Liorhyssus hyalinus 
(Fabricius,	1794)	 (Hemiptera,	Coreoidea,	Rhopalidae).	The	percent-
age	 identity	 between	 query	 and	 subject	 sequence	 was	 naturally	
too	 low	 to	make	any	conclusions	about	phylogenetic	 relationships	
based	on	the	BLAST	analysis.	Finnish	samples	were	molecularly	con-
firmed	as	C. lectularius,	 and	 the	Canadian	samples	were	confirmed	
to	include	both	C. pilosellus and C. adjunctus.	All	the	sequences	pro-
duced	in	this	study	were	uploaded	to	GenBank	with	accession	codes	
MK141690–MK141706.
3.3 | Phylogenetic analysis of the Cimicidae
The	 multilocus	 analysis	 of	 five	 genes	 using	 52	 taxa	 (in	 data	 set	
1;	 Table	 1)	 placed	 the	 B. chilensis	 samples	 into	 the	 base	 of	 the	
Cimicidae,	next	to	the	outgroup	families	Anthocoriidae	(Cimicoidea),	
Reduviidae,	and	Miridae	 (Figure	5).	The	same	patterns	occurred	 in	
both	Bayesian	 and	ML	 trees	 (Figure	5).	Moreover,	 the	COI	 phylo-
genetic	analysis	using	56	taxa	 (in	data	set	2;	Table	1)	produced	al-
most	identical	patterns	compared	to	the	multilocus	tree	(Figure	6).	
In	COI	tree,	the	B. chilensis and P. cavernis cluster close to each other 
forming	an	own	clade	at	the	base	of	Cimicidae	(Figure	6).	Subfamily	




istrelli	splits	into	two	distinct	groups	together	with	C. japonicus and 
C. sp. All C. lectularius	specimens,	the	“bed	bug,”	cluster	in	the	same	
clade	regardless	of	geographical	origin	(Figures	5	and	6).	The	other	











traits	may	be	ancestral	 among	 the	cimicids.	Cimicids	 in	 the	C. pip‐
istrellus groups	and	C. lectularius	 are	often	 loosely	 attached	 to	 the	
wings,	 forearms	and	uropatagium	of	 the	bat	 (Balvín,	Sevcik,	 et	 al.,	









The B. chilensis	 individual	was	 located	on	dorsal	 surface	of	 the	





extended	periods	on	 the	host.	This	 feature,	absent	 in	other	cimic-
ids,	appears	to	be	only	shared	by	the	two	members	of	the	subfamily	
Primicimicinae.	 A	 similar	 functional	 adaptation	 has	 evolved	 in	 the	
family	 Polyctenidae	 (Heteroptera),	 which	 have	 several	 functional	
morphological	 adaptations	 that	 facilitate	 the	 obligate	 association	
with	bats	and	continuous	living	on	the	host	specimen:	for	example,	
lack	of	wings,	short	antennae	and	most	importantly,	in	comparison	
with Bucimex chilensis,	 form	 of	 tibiae,	 claws	 and	 associated	 erect	










sis described	 in	Usinger	 (1966)	 had	 been	 obtained	 from	Chile	 from	
Araucaria araucana	 (Molina)	K.	Koch	trees	at	Tolhuaca	(38°S,	71°W);	
in a Nothofagus sp.	hollow	in	Lonquimay	(38°S,	71°W),	Araucanía	re-
gion and in Nothofagus sp.	at	Dalcahue	(42°S,	73°W),	Los	Lagos	region,	












on	 morphology	 and	 molecular	 data	 (Balvín	 et	 al.,	 2015;	 Hornok	
et	al.,	2017;	Li	et	al.,	2012;	Reinhardt	&	Siva-Jothy,	2007;	Usinger,	
1966),	 with	 the	 addition	 of	 Primicimicinae	 and	 associated	 taxa	
added.	 The	 single	 locus	 results,	 using	 the	COI	 gene	 and	 including	
the P. cavernis	 (and	 Leptocimex inordinatus)	 samples,	 of	which	 only	
this	 single	 gene	was	 retrieved,	 also	 reflected	 the	 aforementioned	
studies.	Both	phylogenies	constructed	in	this	study	place	P. cavernis 





other	 cimicids.	 Therefore,	 the	 subfamily	 status	 of	 Primiciminae	 is	
supported.	 However,	 the	missing	 spermalege	 of	 P. cavernis,	 which	
Usinger	 (1966)	regards	as	a	primitive	trait	may	rather	be	a	derived	
one	 (Reinhardt	 &	 Siva-Jothy,	 2007),	 because	 the	 spermalege	 is	
present	 in	Anthocoridae,	 the	 sister	group	of	Cimicidae	 (Hangay	et	
al.,	 2008).	 Although	 the	 close	 relatedness	 between	 Bucimex and 
Primicimex	seems	to	be	robust.	Clearly,	more	work	is	needed	to	fully	
resolve	 the	phylogenetic	 relationships	within	 family	Cimicidae	 (es-
pecially	the	paraphyly	of	Oeciacus),	superfamily	Cimicoidea,	and	the	
whole	infraorder	Cimicomorpha.





     |  9OSSA et Al.
The	 dispersal	 of	 individuals	 between	 roosts	 is	 crucial	 in	main-
taining	local	and	range	wide	genetic	diversity	of	bat	bugs,	but	also	
allows	invasion	of	new	or	temporarily	abandoned	roosts.	However,	




















within	 their	 home	 range	 and	 show	a	high	degree	of	 roost	 switch-
ing	within	a	season	(Kerth,	Ebert,	&	Schmidtke,	2006;	Lewis,	1995).
Therefore,	 a	 low	 host	 population	 density	 and	 temporary	 use	 of	
roosts	by	the	hosts	may	necessitate	a	more	permanent,	ectoparasitic	
life-history	for	B. chilensis attached to its host.
Most	 cimicids	 are	 generalist	 when	 it	 comes	 to	 host	 species	
choice,	although	host	association	can	influence	variation	in	salivary	
gene	 proteins	 in	 populations	 specializing	 in	 specific	 host	 species	
(Talbot,	Vonhof,	Broders,	Fenton,	&	Keyghobadi,	2018).	Both	C. lect‐




described	 from	 (Usinger,	 1966),	 is	 a	 seasonal	 roost	 for	T. brasilien‐
sis as well as Mormoops megalophylla,	which	may	 act	 as	 a	 second-
ary	host	 (M.	Meierhofer,	pers.	comm.).	So	far,	B. chilensis	has	been	
described	on	M. chiloensis and Histiotus magellanicus (Usinger,	1966).	
F I G U R E  4   (a)	Tarsal	claws	clinging	on	to	Myotis chiloensis	fur.	(b)	Tarsal	claws	and	erect	ctenidea	(black	arrow),	which	facilitate	grasping	
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Convergent	phenotypes	in	ectoparasites	can	often	be	seen	among	
different	lineages	of	a	higher	taxon	or	even	within	a	single	species	
(McCoy	 et	 al.,	 2005).	 For	 instance,	C. lectularius and C. pipistrellus,	
have	been	found	to	be	an	interesting	model	for	the	study	of	within-
species	 morphological	 diversification	 (Balvín,	 Munclinger,	 et	 al.,	
2012).	The	development	of	convergent	phenotypes,	or	in	an	extreme	





colonies	of	H. magellanicus	are	smaller	than	colonies	of	M. chiloensis 
in	southern	Chile.	Altamirano	et	al	(2017)	described	the	use	of	tree	
holes	of	H. magellanicus	 at	 the	Araucanía	 region,	 showing	 that	 the	
colonies	were	formed	by	no	more	than	10	adult	individuals	and	they	
change	roost	frequently	during	the	year	(Altamirano	et	al.,	2017).	On	
the	 other	 hand,	when	 buildings	 are	 used,	 colonies	 of	M. chiloensis 
can	consist	of	hundreds	of	individuals	(Ossa	et	al.,	2010).	However,	
we	have	yet	to	observe	B. chilensis on H. magellanicus	or	any	other	
bat	species.	Further	elucidating	the	host	specificity	and	ecology	of	
B. chilensis	would	require	a	better	understanding	of	roosting	behav-
ior	 of	 the	 host	 species	 and	 acquiring	 specimens	 from	a	 variety	 of	































Cimex pipistrelli group 1
Cimex japonicus
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host	species	and	geographic	areas.	For	instance,	because	of	its	habit	
of	attaching	 to	 the	pelage	of	 the	host,	 convergent	phenotypes	on	











ing	 to	 the	wing,	 instead	 of	 clinging	 to	 the	 pelage,	 suggests	 this	
method	 could	 have	 yet	 undiscovered	 advantages	 and	 warrants	
further	investigation.	Our	results	are	mostly	coincident	with	pre-
vious	phylogenies	based	on	morphology.	Because	of	the	difficul-
ties	 in	 obtaining	 cimicid	 specimens	 from	 austral	 South	America,	
this	study	fills	a	gap	in	the	knowledge	of	this	cryptic	parasite-host	
relationship.






Primiciminae	species	(B. chilensis and 
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